Intermediate neutron transfer and the mechanism of "sequential fusion" were studied within the 3-body model with numerical solution of the time-depended Schrödinger equation. Neutron neck formation, polarization potential, and three dimensional neutron motion were also analyzed along with a role played by the Q-value of intermediate neutron transfer (positive, zero, and negative).
Neutron degrees of freedom should play an important role in near-barrier fusion reactions of heavy ions. However, we are still far from good understanding of the subject. Moreover, there is no consensus on the extend to which the intermediate neutron transfer is important in fusion reactions. In Fig. 1 experimental cross sections are shown for the 40 Ca + 90 Zr and 40 Ca + 96 Zr fusion reactions [1] (open and filled circles) along with theoretical analysis of them performed with and without vibration excitations of the nuclei (dashed and dotted curves) [2] . The solid curve shows the effect of intermediate neutron transfer with positive Q-values obtained within the semi-empirical model of "sequential fusion" proposed in [2] . To clarify more a role of valence neutron degrees of freedom in heavy ion fusion reactions we developed and used two models. The first 3D-model combines the semi-classical approach based on solution of Newtonian equations for two nuclear cores ( ) Zr. In Fig. 2 the neutron density is shown for two time moments at E cm = 99 MeV and impact parameter b=2 fm. From analysis we made the following conclusions. (i) Neutrons with m=0 (quantization axis coincides with inter-nuclear axis) change their states more probably and are shared (collectivized) between the two cores very fast initiating the process of "sequential fusion" [2] .
(ii) These neutrons move from one nucleus to another one predominantly along the inter-nuclear axis.
(iii) Neutrons with large values of |m| change their states slower. First they are shifted to the plane perpendicular to the inter-nuclear axis (polarization) and after that begin to drift to another core. In the second model the projectile (P) and the valence neutron (n) bound initially in the target (T) move along the inter-nuclear axis. x is the coordinate of P-T relative motion, and y is the neutron coordinate (n-T distance). Potential energy of the system is defined by ( , ) Analyzing this model we concluded the following. (i) Intermediate transfer of weakly bound neutrons significantly increases the fusion probability at sub-barrier energies (see Fig. 4 ).
(ii) When nuclei approach each other, the neutron wave function spreads over both volumes and a "nuclear molecule" is created with a collectivized neutron (see Fig. 3b ). On this reaction stage the "fusion velocity" is maximal (Fig. 4a) .
The barrier penetration probability ( ) ( ) Fig. 5 . It agrees qualitatively with experimental data (see Fig. 1 ). The dashed curve shows the one-dimensional penetration probability calculated without neutron degrees of freedom. Thus our quantum analysis unambiguously confirms the conclusion made in [2] 
